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ABSTRACT 

We report results from a deep search for redshifted Hi 21cm absorption in 55 strong 
Mgll/12796 absorbers (having W^ 2796 > 0.5A) at intermediate redshifts, 0.58 < z abs < 1.70, 
with the Green Bank Telescope (GBT) and the Giant Metrewave Radio Telescope (GMRT). 
Nine detections of Hi 21cm absorption were obtained, all at 1.17 < z abs < 1.68, including 
three systems reported earlier by Gupta et al. (2007). Absorption was not detected at > 3cr 
significance in 32 other Mgll absorbers, with 26 of these providing strong upper limits to the 
Hi 21cm optical depth, < 0.013 per ~ 10 km s _1 . For the latter 26 systems, the spin 
temperature T s of the absorber must be > [800 x /] K (where / is the covering factor), if 
the Hi column density is > 2 x 10 20 cirT 2 , i.e. if the absorber is a damped Lyman-a system 
(DLA). Data on the remaining 13 systems of the sample were affected by radio frequency 
interference and were hence not useful. 

Two of the Mgll absorbers, at z abs ~ 1.4106 towards 2003-025 and at z abs ~ 0.9115 
towards 2149+212, are known DLAs. We detect Hi 21cm absorption towards 2003-025 with 
the GMRT and estimate the spin temperature of the DLA to be T s = [(905 + 380) x /] K. 
Conversely, the GBT observations of 2149+212 resulted in a non-detection of Hi 21cm ab- 
sorption, yielding the 3cr limit T s > [2700 x /] K. 

Excluding "associated" systems (within 3000 km s _1 of the quasar redshift), the detection 
rate of Hi 21cm absorption in strong Mgll/12796 absorbers is JC2i,Mgii(z = 1.1) = 25+g 1 %, at 
a 3cr optical depth sensitivity of ~ 0.013 per 10 km s . Comparing the detection rates of 
Hi 21cm and damped Lyman-a absorption in strong Mgll absorber samples yields a detection 
rate of Hi 21cm absorption in DLAs of X2i,dla(z = 1.1) = (73 + 27)%, consistent with 
the detection rate in low-z DLAs. Since Hi 21cm absorption arises in cold neutral gas, this 
indicates that most gas-rich galaxies contain significant fractions of cold Hi by z ~ 1. 

Finally, we use the observed detection rate of Hi 21cm absorption in Mgll absorbers to 
infer the cosmological mass density of neutral gas in DLAs, assuming that (1) the average Hi 
column density in our Hi 21cm absorber sample is the same as that measured by Rao et al. 
(2006) in their DLA sample, and (2) the detection rate of Hi 21cm absorption in the DLAs 
of our Mgll sample is the same as that in known DLAs at 0.09 < z abs < 3.45. We obtain 
Qgas ~ (0-55^22) x 10~ 3 , at z ~ 1.1, slightly lower than, but consistent with, the value 
obtained by Rao et al. (2006) from their DLA survey at similar redshifts. 
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1 INTRODUCTION 

Much of what is known about gas-rich galaxies at high redshifts 
comes from studies of the highest Hi column density systems de- 
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tected in the spectra of distant quasars, the damped Lyman-a ab- 
sorber s [DLAs, with N m > 2.0 x 10 20 cnr 2 ; see, e.g., Wol fe et al] 
(2005) for a recent review]. Unlike objects such as Lyman-break 
or sub-mm galaxies obtained from emission (i.e. flux-limited) sur- 
veys, DLA samples are selected from absorption surveys and are 
hence not biased towards the high luminosity end of the galaxy dis- 
tribution. Studies of DLAs over a range of redshifts thus provide 
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direct observational constraints on the evolution of the predeces- 
sors of today's galaxies, and the gas therein. 

Current DLA samples are strongly biased towards high red- 
shifts (z abs > 1.7, for which the Lyman-fy line redshifts into op- 
tical wavebands), as it has not been possible to carry out large 
blind DLA surveys with space-based facilities. There are only 
~ 50 known DLAs at z abs < 1.7 (e.g. iRao et~ai1l2006l . hereafter 
RTN06), while more than a thousand have been found at z abs > 2, 
primari ly from searches based on the Sloan Digital Sky Surv ey 
(SPSS: [prochaska & Herbert-Fod 12001 : IProchaska et alj |2005 PI). 
Optical imaging studies have found low redshift DLAs to be asso- 
ciated with a mixture of galaxy types, including dwarfs, low surface 
brigh t ness systems and luminous spiral disks (e.g. lie Brun et al.l 
1 19971 : IRao et alj[2003l : Ichen & Lanzetdl2003l) . However, at high 
redshifts, z > 1, their small angular separation from the much 
brighter background quasars has meant that it is very difficult to 
directly image the absorbing galaxies. As a result, detailed stud- 
ies of high-z DLAs have mostly been limited to high-resolution 
absorption spectroscopy. While such studies have provided much 
information on physical conditions in the absorbers, they have also 
given rise to some conundrums, partly, no doubt, due to the mix 
of morphologies, impact parameters and orientations in the high-z 
DLA population. For example, while DLA metalli cities, measured 
in ~ 150 absorbers (including ~ 25 at z abs < 1.7 ; lAkerman et al.l 
120051 : iMeiring et al.l 1200(3 ; IProchaska etal] l2007h . do show evi- 
dence for an increase with decreasing redshift dKulkarni & Fall 
120021 : IProchaska et~ai1l2003l : IKulkarni et al]|2005h , low metallici- 
ties (one-tenth sol a r or lower) are the n o rm at all redshifts (e.g . 
IPettini et al.l 1 19991 : IKulkarni et afl 120051 : IProchaska etal] 120071) . 
Contr ary to expectat ions from most models of chemical evolution 
(e.g. |Pei et al.lll999h , the extrapolated mean DLA metallicity a t 
z = is well below solar values (although see lZwaan et alj|2005h . 
Similarly, while it has been argued that typical abundance patterns 
in DLAs indi cate star formation histories simi lar to those of dwarf 
galaxies (e.g. lDessauges-Zavadskv et alj|2007l) . it is difficult to ex- 
plain the large observed vel ocity widths (> 100 km s - 1 ) by absorp- 
tion in individual dwarfs dProchaska & Wolfe] 1 19971) . These and 
other problems have meant that, despite more than two decades 
of systematic study, the nature of, and physical conditions in, high 
z DLAs, as well as their redshift evolution, remain issues of much 
controversy. 

For DLAs lying towards radio-loud background quasars, ab- 
sorption studies in the redshifted Hi 21cm line can be used to derive 
additional informa t ion on physical conditions in the absorber [see 
Kanekar & Briggs] d2004l) for a review]. Combining the Hi column 
density of the DLA (determined from the Lyman-a line) and the in- 
tegrated Hi 21cm optical depth yields the column-density- weighted 
harmonic mean spin temperature T s of the neutral hydrogen, which 
gives the distribution of the gas between the warm and cold phases. 
The spin temperature is one of the few direct probes of physical 
conditions in the neutral gas in DLAs; most optical techniques in- 
fer conditions in the Hi from observations of the low-ionization 

metal lines, which are assumed to be associated with the neutral 

I II -1 

hydrogen (e.g. IWolfe et alj |2005). Further, most optical resonance 

transitions (including Lyman-a) are quite insensitive to physical 
conditions like density and temperature. 

Low-z DLAs sh ow a mix of low and high spin tempera- 
tures (see Fig. 3 of [Kanekar & Chengaluij 1200 3h , while DLAs 
at Zabs ^ 1-7 typically have high spin temperatures, T s > 



http://www.ucolick.org/~xavier/SDSSDLA/index.html 



1000 K (e.g. ICarilli et alj 1 1994 IChengalur & Kanekaj |2000| : 
iKanekar & Chengaluj|2003l) . So far only one DLA at z abs > 1.7 
has been found to have T s < 500 K dYork et al.f2007t) . Further, the 
fraction of detections of Hi 21cm absorption is significantly higher 
at z abs < 0.7 (~ 85%) than at z abs > 1.7 [~ 33%; Kanekar et al. 
(in prep.)]. Note that searches for Hi 21cm absorption in DLAs are 
usually carried out to a sensitivity limit in sp in temperature (usually 
> 800 K; e.g. lKanekar & Chengaluife o03), thus taking into con- 
sideration the Hi column density of the DLA, rather than to a fixed 
Hi 21cm optical depth sensitivity. 

The redshift dependence of the spin temperature suggests an 
evolution in the temperature distribution of the DLAs, due to either 
evolving physical conditions within the DLA galaxies or changes in 
the nature of the galaxies that typically give rise to DLAs at a given 
redshift. In the local Universe, large spiral galaxies (including the 
Milky Way) tend to have low spin temperatures (T s < 300 K; e.g. 
iBraun & Walterboslll992h . indicating large cold gas fractions. On 
the other hand, warm gas has b een found to domi nate the tempera- 
ture distribution in dwarfs (e.g. lYoung & Loll997h . A similar trend 
between spin temperature and galaxy type has been seen in low-z 
DLAs, wherein absorbers associated with luminous disk galaxies 
have T s < 300 K, while abs orbers associated with low lu minos- 
ity galaxies have T s > 800 K (Cheng alur & Kan ekar 2000). These 
results are suggestive of a scenario in which high-z DLAs are typi- 
cally smaller systems like dwarfs, while low-z DLAs arise in b oth 
low and high luminosity galaxies dKanekar & Che ngalur 200ll) . 

The spin temperature of DLAs thus appears to be one of the 
few tracers of physical conditions in DLAs that shows evidence for 
evolution with redshift a nd has hence been a subject o f much inter- 
est and controversy (e.g. IKanekar & Chengaluj|2003l : IWolfe et"al] 
120031 : Iciirran et al]l2005l) . A detailed understanding of the evolu- 
tion of the spin temperature in DLAs has been hampered by the 
paucity of DLAs detected towards radio-loud quasars that are suit- 
able for Hi 21cm absorption studies. The situation has now im- 
proved at high redshifts, z abs > 2, primarily due to recent sur- 
veys for DLAs towards samples of quasars selected on the basis of 
their radio flux den sity dEllison et al. I l200ll : |jorgensonetai]|2006l : 
lEllison et ai]|2008h . However, there is yet a critical shortage of T s 
measurements in the "redshift desert", 0.7 < z abs < 1.7, as almost 
no DLAs have been found here towards radio-loud quasars. In fact, 
prior to this work, there was not a single spin temperature esti- 
mate in a "classical" DLA (i.e. with N H i > 2 x 10 20 cirT 2 ) in the 
redshift range 0.9 < z abs < 1.7, which encompasses more than a 
quarter of the history of the Universe. Unfortunately, it is precisely 
at these redshifts that the star formation activity in the Universe 
shows strong evolution, either peaking here or flattening, and then 
decreasing si gnificantly to lower redshifts (e.g. Mada u et alJI 19961 : 
Hopkins 2004). This redshift range is also likely to see significant 
evolutionary effects in the neutral gas, such as the build-up of the 
cold phase of Hi and hence, the onset of stronger Hi 21cm absorp- 
tion and the transition to the high detection fraction and the low 
spin temperatures seen at low redshifts. 

Besides probing physical conditions in the absorbing galaxies, 
detections of Hi 21cm absorption are also important as a means 
of pro bing evolution in the fundamental constants [see [Kanekar 
(2008) for a recent review]. A comparison between the absorption 
redshifts in the Hi 21cm and optical resonance transitions allows 
a probe of changes in three fundamental constants, the fine struc- 
ture constant a, th e proton-electron m ass ratio p = m p /m e and the 
proton g-factor g p (Wolfe etal .11 19761) . Given that the Hi 21cm and 
optical lines need not arise in the same gas, statistically large ab- 
sorption samples must be used for the comparison, to ensure that 
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any observed redshift offsets are not dominated by local systematic 
effects. The redshift desert 0.7 < z abs < 1.7 is the obvious place 
to attempt to set up a large sample of Hi 21cm absorbers, if the 
fraction of cool gas increases significantly here. Note that the look- 
back time at z ~ 1.7 is ~ 9.8 Gyrs, implying that the comparison 
between Hi 21cm and optical redshifts out to this redshift would 
probe ~ 70% of the age of the Universe. 

The weakness of the Hi 21cm transition, combined with ob- 
servational issues such as radio frequency interference (RFI) at low 
frequencies, makes it very difficult to directly carry out a blind 
survey for Hi 21cm ab sorption with current radio telescopes (e.g. 
iKanekar & Briggsll2004h . In addition, almost no DLAs are known 
at 0.7 < Zabs < 1.7 towards radio-loud quasars and it would be dif- 
ficult to carry out space-based surveys for such DLAs. However, 
RTN06 found that systems with MgII/12796 and FelU2600 rest 
equivalent widths larger than 0.5A have a ~ (36 ± 6) % probability 
of being DLAs (see also lRao & TurnshekluOOOl) . These transitions 
are detectable with ground-based optical telescopes at z abs > 0.15, 
implying that it should be possible to set up new samples of 
Hi 21cm absorbers by targetting such "strong Mgll absorbers" to- 
wards radio-loud quasars. Large samples of such Mgll absorbers 
(~ 10 4 systems) hav e been found in the SDSS, at z a bs > 0.4 (e.g. 
IProchter et aT] |2006), while the Complete Optical and Radio Ab- 
sorption Line Systems (CORALS) survey dEllison et al.ll2004h ob- 
tained a smaller sample of such absorbers, but towards a radio-loud 
quasar sample, well-suited for follow-up Hi 21cm absorption stud- 
ies. We have used the Giant Metrewave Radio Telescope (GMRT) 
and the Green Bank Telescope (GBT) to carry out a deep search 
for redshifted Hi 21cm absorption from a large sample of strong 
Mgll absorbers in the redshift desert, selected from the above sur- 
veys. A similar program, carried out in parallel with ours on the 
GMRT, h as recently detecte d three new Hi 21cm absorbers at these 
redshifts dGupta et al.ll2007h . The first results of our survey, based 
on GMRT and GBT observations of 55 absorbers, are presented in 
this paper. 



2 THE Mgll ABSORBER SAMPLE 

We used Mgll abso rber samples drawn from the CORALS survey 
l Ellison etal1|2004h . Data Releases (DRs) 3- 5 of the SPSS (e.g . 
Prochter et alj I2006J) and the literature (e.g. ISargent et all Il988l : 
Barthel et alj|l99dl : lAldcroft et alj|l994l) to select our targets. The 
primary selection criterion was that the system be a "strong" Mgll 
absorber, with W* 2 796 > 0.5A (where Wf 796 is the MglU2796 
rest equivalent width), lying towards a background quasar of "suf- 
ficient" radio flux density at the redshifted Hi 21cm line frequency 
to allow a sensitive search for Hi 21cm absorption. A secondary 
criterion, that the rest equivalent width in the FelU2600 transition 
also be large, W* 2 600 > 0.5A, was also typically used, although a 
few systems with W^ 2600 < 0.5A or without information on Wg 2m 
were also observed. We thus have two effective sub-samples: 

(1) Systems with Wf 796 > 0.5 A and W* 2600 > 0.5 A. 

(2) Systems with 796 > 0.5A and either W^ 12600 < 0.5A or no 
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transition. 



The best optical depth sensitivities achieved in present 
searches for Hi 21cm absorption in DLAs are ~ 0.01 per 
~ lOkms 1 (e.g. lKanekar et alj2006l ; [York et alj2007h . For DLAs. 
with Nhi > 2 x 10 20 cirT 2 , a non-detection at this sensitivity 
would yield the 3<r limit [T s //] > 1000 K. In other words, only 
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Table 1. The absorption systems: optical data. Typical errors on the 
rest equivalent widths are ~ 0.05 - 0.1 A. Notes: +B -magnitude, 
from the APM catalogue or Jackson et al] j2002h ; *V-magnitude, from 
RTN06 or the NASA/IPAC Extragalactic Database; T g-magnitude, from 
the SDSS; References for redshifts and e quival ent widths: (a ) SPS S 
DR- 5 catalogue; (b) lEllison et alj J2004l); ( c) ISargent et alj Jl988h: 
(d) iBarthel et alj jl990l): (el lAldcroft et al.l Jl994l): ffl ISargent et all 
ll989l); (g) IPeterson & StrittmatteJ ll978l); (h) Iwild & Hewed feOOSl) ; 
ffl lKhare et alj <2004 : fil lSteidel & Sargent! Jl992h : (kl lYork et alj 120071) . 
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DLAs with high spin temperatures and/or low covering factor^] 
would remain undetected at such a sensitivity. Note that fewer than 
5% of Galactic sightline s have [T s //] > 1000 K (see Fig. 2 of 
iBraun & Walterbosll 1992b . 

Our search for Hi 21cm absorption was hence aimed at achiev- 
ing an Hi 21cm optical depth sensitivity of t 3o - ~ 0.01 per ~ 
10 km s _I for all non-detections, so as to detect all DLAs with 
[T s //] < 1000 K. Absorbers with high Hi column densities or low 
spin temperatures would be detected at higher significance. 

The practical effect of the above sensitivity criterion was 
that the background quasars were chosen to have flux densities 
5,, > 300 mJy at the redshifted Hi 21cm line frequency, to en- 
sure a high optical depth sensitivity in a reasonable integration 
time (< 10 hours). In most cases, the quasar flux densities had 
not been measured at (or near) the expected Hi 21cm line fre- 
quency; we hence estimated the flux density at the line frequency 
by interpolating between measurements at higher and lower fre- 
quencies, using rad io surveys such as the 1.4 GHz NRAO VLA 
Sky Survey (NVSSi lCondon et al]l998T) . the 1.4 GHz VLA FIRST 
Survey (Faint Ima ges of the Radio Sky at Twenty Centimeter; 
iBecker et al"1ll995l). the 327 MHz W esterbork Northern Sky Sur- 
vey (WENSS;lRengelink et al.l 19971) or the 365 MHz Texas Survey 
dDouglas etalj 19961) . 

A few quasars with lower flux densities, but having foreground 
Mgll absorbers with W^ 2796 > 0.5A, were also observed, especially 
when data towards the primary targets were affected by RFI. We 
also observed one absorber, at z^s ~ 1.6996 towards 2149-307 
(Ellison & Lopez, in prep.), where the MgII/i2796 transition has 
not been observed, but which shows strong metal lines, and is hence 
likely to be a strong Mgll absorber. 

Our final absorber sample consists of 55 systems, at 0.58 < 
z a bs < 1-70. Details of the absorbers and their background quasars 
are provided in Table [T] whose columns contain (1) the quasar 
name, (2) the quasar redshift, (3) the quasar R-magnitude (but 
see the notes to the table), (4) the MgII/12796 absorption red- 
shift (or metal-line redshift, for the z abs ~ 1.6996 absorber to- 
wards 2149-307), (5) the MgIIi2796 rest equivalent width, W£ 2 196 , 
(6) the FelU2600 rest equivalent width, W 12600 , and (7) the 
Mgli2852 rest equivalent width, W^ 2852 . Most absorbers of the 
sample have W^ 2600 > 0.5 A, while typical errors on the rest equiva- 
lent widths are ~ 0.05 -0.1 A. We emphasize that our Mgll absorber 
sample is a heterogeneous one, drawn from different surveys with 
very different selection criteria. 



3 OBSERVATIONS AND DATA ANALYSIS 

The GMRT and GBT searches for redshifted Hi 21cm absorp- 
tion were carried out between January 2002 and September 2008. 
14 systems at 1.12 < z abs < 1.54, for which the redshifted 
Hi 21cm absorption frequency lies in the GMRT 610 MHz band 
(~ 560 - 670 MHz) were observed with the GMRT (proposals 
07NKa02, lONKaOl, 10NKa02, HNKa02, 12NKa01), due to its 
better RFI environment and superior spectral baselines; the remain- 
ing 41 targets were observed with the PF1-600, PF1-800 or PF2 
receivers of the GBT (proposals 6A-026, 6C-048 and 7B-007). 



2 The covering factor / gives the fraction of quasar radio flux density oc- 
culted by the foreground absorber. 



3.1 GMRT observations and data analysis 

The GMRT observations used the 30-station FX correlator as the 
backend, with two circular polarizations and a bandwidth of 0.5 or 
1 MHz sub-divided into either 128 or 256 channels, yielding a ve- 
locity resolution of ~ 2-8 km s . The standard calibrators 3C 147, 
3C286, or 3C48, were used to calibrate the flux density scale and 
usually also to determine the shape of the passband. Observations 
of target sources were interleaved (at ~ 45-minute intervals) with 
short observations of nearby phase calibrators to obtain an initial 
estimate of the antenna gains. Our experience with the GMRT in- 
dicates that the flux density calibration is reliable to better than 
~ 15% in this observing mode. 

The GMRT data were analysed in "classic" AIPS, using stan- 
dard procedures. After initial editing of corrupted data (e.g. due 
to "dead" antennas, correlator errors, RFI, etc), the antenna gains 
and bandpass shapes were determined using the calibrator data. A 
continuum image was then made of each target field (after aver- 
aging line-free channels to increase the signal-to-noise ratio) and 
self-calibration procedures used to obtain a better estimate of the 
antenna gains. Three or four iterations of phase self-calibration, fol- 
lowed by one or two of amplitude & phase self-calibration (along 
with further editing of bad data), were typically found necessary 
to obtain convergent antenna gains; the source flux density was 
then measured from the final image. The continuum emission was 
next subtracted out from the calibrated visibilities, using the task 
UVSUB (followed, in some cases, by the task UVLIN, to remove 
any residual emission). For all antenna baselines, the residual visi- 
bilities were then inspected in the time-frequency plane (using the 
task SPFLG) and any channel-dependent RFI was edited out. Fi- 
nally, the edited residual visibilities were imaged in all channels to 
produce a spectral cube. The target sources were usually unresolved 
(or, in a few cases, marginally resolved) by the GMRT synthesized 
beam and a single spectrum was hence extracted in each case from 
the final spectral cube at the source location. Typically, a second- 
order baseline was subtracted from this, using line-free channels, 
to produce the final spectrum for each source. 



3.2 GBT observations and data analysis 

The GBT observations (in projects 6A-026, 6C-048 and 7B-007) 
usually used the Spectral Processor as the backend, due to its high 
dynamic range, with two linear polarizations. The observing band- 
widths were 1.25 or 2.5 MHz, sub-divided into 1024 channels, 
yielding spectral resolutions of ~ 1-2 km s _1 after Hanning 
smoothing. Five of the observing sessions (in one of which the 
two Mgll absorbers towards 0240-060 were observed simultane- 
ously) used the Auto-Correlation Spectrometer as the backend, as 
the Spectral Processor was not available. These had a bandwidth 
of 12.5 MHz, sub-divided into 32768 channels, yielding a spectral 
resolution of ~ 0.3 km s _1 after Hanning smoothing (with 16384 
channels and ~ 0.6 km s _I for each spectrum towards 0240-060). 
All GBT observations were carried out in position-switched, to- 
tal power mode, with online system temperature measurements ob- 
tained by firing a noise diode. 

The GBT data were analysed in DISH, the AIPS++ single- 
dish package. Much editing was usually necessary to remove data 
corrupted by RFI. Despite this, data on 13 sources could not be 
salvaged, due to strong RFI at or near the observing frequency. 
For the remaining sources, after the initial editing and calibration, 
the continuum flux density was first measured using RFI- and line- 
free channels. A first- or second-order baseline (determined by in- 
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Y 
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0.11 
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<0.49 


> 225 


< 8.9 
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0.7 


RFI 
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A 
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0.8392 
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Y 
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600.67 


1.0 


3.9* 
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Y 
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1440 ± 300 


1.39 ±0.29 
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Y 
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+0.27 


Y 
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GBT 
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12.5 r 


0.57 


4.3 


0.65 


3.7 
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< 1.1 


+0.27 


Y 
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0.94 
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0.55 
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<0.13 
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< 2.4 
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Y 
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Y 
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Y 


0445+097 
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GBT 
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Y 
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GBT 
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4.5 
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2.93 ± 0.28 
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0642+449 
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GMRT 
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< 1.6 
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Y 


0741+294 
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GMRT 
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< 2.4 
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Y 
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0.8518 
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767.04 


2.5 


1.9 


2.0 


0.76 


4.9 


< 0.11 


> 1000 


< 2.0 
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Y 
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1.0545 
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1.25 
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0.5 
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< 0.053 


> 2000 


< 1.0 
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< 0.11 


> 950 


< 2.1 
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-0.82 


Y 


1011+280 
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0.19 


4.8 


< 0.42 


>260 


< 7.7 
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-0.79 


Y 


2149+212 


1.0017 


GBT 


709.60 


2.5 


2.1 


1.8 


RFI 
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+0.21 


R 


2149-307 


1.6996 


GBT 


526.15 


1.25 


1.4 


2.5 


1.6 


13.9 


< 0.12 
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Table 2. Observing details and results. Notes to the table: f The quoted values of T s // and Nm in columns (11) and (12) assume, respectively, an Hi column 
density of 2 X 10 20 cm" 2 and TJf = 1000 K; see the main text for discussion. "RMS noise at the Hanning-smoothed resolution of column (6). *The spectrum 
was not Hanning-smoothed. c These observations used the Auto-Correlation Spectrometer as the Spectral Processor was not available. d The observations of 
1200+068 used two settings, with the final spectrum (details listed) obtained by smoothing to the coarser resolution and averaging. 
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specting the individual spectra) was then fitted to each record and 
subtracted out during the process of calibration. The residual data 
were then averaged together to obtain the final spectrum for each 
source. In the case of multiple observing epochs for a single source 
(sometimes with different observational parameters), the spectra 
were first smoothed to the same spectral resolution, then interpo- 
lated onto the same heliocentric frequency scale, and finally av- 
eraged, with appropriate weights derived from the noise values. A 
low-order polynomial (upto second order) was then subtracted from 
this, using line- and RFI-free channels, to produce the final spec- 
trum for each absorber. 



4 SPECTRA AND RESULTS 

For optically-thin Hi 21cm absorption against a radio-loud quasar, 
the Hi column density, Nhi, Hi 21cm optical dept h, t, and spin tem- 
perature, T s , are related by the expression (e.g. iRohlfs & Wilson! 
l200d) 

N H i = 1.823 x 10 18 x [T s /f] x f rdW, (1) 

where Nhi is in cm" 2 , T s in K, and the integral is over velocity, 
in km s" 1 . For the general case of multi-phase gas along the line 
of sight, T s is the column-density-weighted harmonic mean of the 
spin temperatures of the different phases. The covering factor /, 
the fraction of quasar radio flux density obscured by the foreground 
absorber, can be estimated by comparing the flux density measured 
at high spatial resolution [e.g. with very long baseline interferom- 
etry (VLBI) studies] with the total flux d ensity of the quasar at 
the redshifted Hi 21cm line frequency (e .g. FBriggs & Wolfe|[l983l ; 
iKanekar et ai]|2007l ; iKanekar et ai1l2009h . While VLBI studies at 
frequencies < 1.4 GHz are not available in the literature for most 
of the quasars of our sample, higher-frequency VLBI observations 
(when available) will be used to estimate / and hence, to infer the 
Hi column densities of the absorbers, using equation QJ, for an 
assumed spin temperature of T s = 1000 K. 

The observational details and results are summarized in Ta- 
ble |2j the columns here contain (1) the quasar name, (2) the 
MgII/12796 absorption redshift z a b s , (3) the telescope used for the 
observations, (4) the redshifted Hi 21cm frequency, in MHz, (5) the 
observing bandwidth, in MHz, (6) the velocity resolution, after 
Hanning smoothing, in km s , (7) the on-source integration time, 
in hours, (8) the source flux density, in Jy, (9) the root-mean-square 
(RMS) noise, in mjy, (10) the integrated Hi 21cm optical depth, 
JrdV, in km s -1 , or, for non-detections, 3cr upper limits to the in- 
tegrated Hi 21cm optical depth, assuming a Gaussian profile with 
a full width at half maximum (FWHM) of 10 km s" 1 , (11) the ra- 
tio [T s //] derived from these observations, or 3<r lower limits to 
this quantity, assuming the DLA threshold Hi column density of 
2x 10 20 cm" 2 , (12) the Hi column density inferred from the present 
observations, in units of [T s /1000] x (1//) x 10 20 cm" 2 (see equa- 
tion [TJ, (13) the quasar spectral index, a, defined by S Yl /S V2 = 
(vi /v 2 ) a (for most sources of the present sample, V\ = 1 .4 GHz, and 
V2 = 365 MHz), and (14) a letter indicating whether the absorber 
was included in the final sample (Y), or, if not, the reason for the 
exclusion, weak Hi 21cm optical depth limit (N), RFI (R), associ- 
ated Mgll absorption (A), or unknown rest MgII/12796 equivalent 
width (M). 

Eight definite detections (all with > 5o~ significance) of red- 
shifted Hi 21cm absorption, and one tentative detection (with ~ 
4.6cr significance), were obtained, at 1.17 < z a b s < 1.68. Seven 



of these were with th e GMRT, three of w hich had been earlier in- 
dependently found bv lGuptaet all [2007), while two were with the 
GBT All candidate Hi 21cm absorbers were observed on multi- 
ple epochs to ensure that the spectral feature did not arise due to 
intermittent RFI. In most cases, the expected doppler shift in the 
topocentric line frequency (due to the motion of the Earth) was de- 
tected between the different observing epochs, confirming that the 
feature is likely to arise from an astronomical source. For the weak 
absorption feature at z abs ~ 1.3269 towards 1430-178 (GMRT) 
and the tentative detection at ~ 1.6724 towards 0237-233, we have 
not detected the doppler shift, as the expected shift was very small 
(< 5 km s" 1 ) between the different observing sessions. However, 
the Hi 21cm line in the former system was detected at the same 
heliocentric frequency on two observing epochs separated by ~ 2 
years, and is hence unlikely to arise due to RFI. The nine Hi 21cm 
absorption profiles are shown in Fig. [T] in order of increasing ab- 
sorption redshift, with individual systems discussed in the next sec- 
tion. 

As mentioned earlier, the GBT spectra of 13 sources, mostly at 
Zabs ~ 1, were affected by strong RFI and did not prove useful; these 
are indicated by the label "RFI" in column (8) of Table[2] No evi- 
dence for absorption was seen at (or near) the expected redshifted 
Hi 21cm frequency in the spectra of 32 sources, yielding (mostly) 
strong upper limits on the Hi 21cm optical depth and the Hi col- 
umn density [see columns (10) and (11) of Table [2). The spectra 
of the non-detections are shown in Fig. [2] in order of increasing 
absorption redshift. 

After excluding the 13 systems affected by RFI and the 
z abs ~ 1.6996 absorber towards 2149-307 (in which the Mgll^2796 
transition has not so far been observed), our sample consists of 
41 strong MgII/12796 absorbers, at 0.58 < Zabs < 1-68. Our observ- 
ing goal was to achieve an optical depth sensitivity of t^o- ~ 0.01 
per ~ 10 km s" 1 for all non-detections. In practice, we either de- 
tected Hi 21cm absorption or achieved < 0.013 per ~ 10 km s" 1 
for 35 of the above 41 targets. For six absorbers, our optical depth 
sensitivity was only t 3o - ~ 0.02 - 0.06, typically because the back- 
ground quasar has a low flux density at the redshifted Hi 21cm line 
frequency or because a significant fraction of the data were affected 
by RFI. We will exclude these six systems from later statistical 
analysis due to the lower sensitivity of their Hi 21cm spectra, so 
as to obtain a uniform optical depth criterion, t 3o - < 0.013. In ad- 
dition, two systems (towards 0105-008 and 1142+052) lie within 
3000 km s" 1 of the background quasar and are thus "associated" 
absorbers. Following the general p ractice in the literature (e.g. 
Wolfe et al. 19861: lEllison et al]|200ll) . these are excluded from our 
statistical sample, as conditions in the absorbing gas could be af- 
fected by the presence of the nearby active galactic nucleus. These 
criteria imply that all "non-associated" DLAs with [T s //] < 800 K 
that are present in our statistical sample of 33 systems would have 
been detected in Hi 21cm absorption. Of course, absorbers with 
higher Hi column densities or lower spin temperatures would have 
been detected at higher significance. 



5 INDIVIDUAL SYSTEMS 

In this section, we discuss physical conditions in a few absorbers 
of interest, the nine detections of Hi 21cm absorption and a non- 
detection in the known DLA towards 2149+212 (RTN06). 

(i) 0105-008, Zabs ~ 1.3710: The absorber redshift is only 
~ 660 km s" 1 blueward of the quasar redshift (z cm ~ 1.374, from the 
SDSS), making this an "associated" absorber; it also has a relatively 
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Figure 1. The GMRT and GBT spectra for the eight confirmed, and one tentative, detections of Hi 21cm absorption, in order of increasing redshift. The 
MgII/i2796 redshift is listed at the top right corner of each panel, and the expected Hi 21cm line frequency indicated by the vertical dashed line. The velocity 
scale relative to the MgII/12796 redshift is indicated on the top axis of each panel. 



low Fell/12600 rest equivalent width, H^ 2600 = (0.38 ± 0.05)A. 
Hi 21cm absorpt ion from this system was originally detected by 
iGupta et al.l d2007h . Our new GMRT spectrum has a higher veloc- 
ity resolution than the detection spectrum, and a slightly higher 
se nsitivity. The peak optical depth in our spectrum matches that 
of IGupta et alj |2007). However, unlike them, we find that a sin- 
gle Gaussian component does not provide a good fit to the spec- 
trum; two components, with FWHMs of ~ (10.2 ± 2.2) km s 
and ~ (20.4 ± 2.0) km s _1 , are needed to obtain residuals con- 
sistent with noise. The kinetic temperatures of the two compo- 
nents inferred from these FWHMs are T k < (2275 + 980) K and 



T k < (9095± 1785) K^Only ~ 30% (170 mjy) of the total 2.3 GHz 
quasar flux density (~ 0.58 Jy) is recovered in a Very Long Baseline 
Array ( VLBA) 2.3 GHz im age [from the VLBA Calibrator Survey 
(VCS); lBeaslev et alj2 0021. indicating that significant flux density 
is present in extended emission. The covering factor is hence likely 
to be low, < 0.3 at the redshifted Hi 21cm line frequency. The 



3 Note that T^ ~ T s , for a single cold cloud (e.g. Liszt 2001). However, the 
kinetic temperature of an individual cold cloud in a DLA would typically 
be lower than the estimated absorber spin temperature, due to the presence 
of warm Hi along the line of sight. 
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Hi 21cm column density of the absorber thus appears quite high, 
N m ~ (6.05 ± 0.14) x [TJ1000] (0.3//) x 10 21 cnr 2 . 

(ii) 0458-020, z abs ~ 1.5605: The GBT Hi 21cm profile is 
well fit by a single Gaussian component, with FWHM~ (6.48 ± 
0.76) km s -1 ; the up per limit to t he gas kinetic temperature is 
thus (915 ± 215) K. Briggs etaD i ll 9891) used VLBI studies at 
327, 467 and 608 MHz to find that the central core-jet structure 
has a flux density of ~ 1.8 Jy at 608 MHz on scales < 0.1", 
with a spectral index of a ~ +1.7 between 467 and 608 MHz. 
This implies a compact flux density of ~ 1.55 Jy at the red- 
shifted Hi 21cm line frequency of 554.7 MHz, giving a covering 
factor / > 0.7. The Hi column density of the absorber is thus 
N m ~ (4.19 ± 0.40) x [T s / 1000] (0.7//) x 10 20 cm 4 . This line 
of sight also cont ains another Hi 21cm absorber, at z abs ~ 2.03945 
dWolfeet all 19851) . 

(iii) 0801+303, z abs ~ 1.1908: iGupta et alj J2007l) detected 
Hi 21cm absorption from this absorber, but found differences be- 
tween spectra taken at different epochs (probably due to low-level 
RFI), and were hence unable to confirm the presence of wide ab- 
sorption or determine the velocity width of the line. We clearly 
detect wide Hi 21cm absorption, obtaining a total velocity spread 
(full width between nulls, FWB N) of ~ 125 km s -1 . The covering 
factor is again likely to be low: iKunert et alj d2002l) find that only 
456 mJy of the 1.6 GHz flux density is associated with the com- 
pact core, while the total 1 .4 GHz flux density was measured to be 
1.27 Jy in the NVSS. While both the core and the extended emis- 
sion have steep spectra dKunert et alj |2002). the covering factor at 
the redshifted Hi 21cm line frequency of 648.35 MHz is likely to be 
lower than the 1.4 GHz core fraction, i.e. / < 0.35. The Hi column 
density is N m = (1.59 + 0.13) x [TJ1000] (0.35//) x 10 21 cnr 2 . 

(iv) 1142+052, z abs ~ 1.3431: The Hi 21cm (and Mgll) absorp- 
tion arise within ~ 40 km s of the QSO redshift (z em ~ 1.3425), 
implying that this is also an "associated" system; the absorption 
may originate in the quasar host galaxy. The Hi 21cm profile is 
quite wide, with FWBN~ 145 km s _I . Again, the absorber covering 
factor is likely to be low at the redshifted Hi 21cm line frequency; 
only ~ 30% of the total 2.3 GHz quasar flux den sity (~ 0.6 Jy) is 
recovered in the VCS image ( iBeaslev et aT]|2002l) . The Hi column 
density is N m = (3.38 ± 0.18) x [T s /1000] (0.3//) x 10 21 cnr 2 . 

(v) 1430-178, Zabs ~ 1.3269: This is the weakest absorption 
line of our sample, with peak line depth ~ 4 mJy. The Hi 21cm 
absorption is again quite wide, with FWBN ~ 115 km s -1 . The 
2.3 GHz VCS image finds a quasa r flux density of ~ 0. 46 Jy, ~ 55% 
of the total 2.3 GHz flux density (Beaslev et al. 2002). The quasar 
also has a flat spectrum between 5 GHz and 408 MHz, suggesting 
that it is likely to be core-dominated. The covering factor at the 
redshifted Hi 21cm frequency is thus likely to be similar to that 
at 2.3 GHz, i.e. / ~ 0.55. The total Hi column density is then 
N m = (4.21 + 0.73) x [T s /1000] (0.55//) x 10 20 cnr 2 . 

(vi) 2003-025, z abs ~ 1.4106: The Hi column density of this ab- 
sorber has been measured to be log N H i = (20.54^jJ ^) x 10 20 cm" 2 , 
from the damped Lyman-a absorption profile (RTN06). The inte- 
grated Hi 21cm optical depth of (0.210 ± 0.01 1) km s _1 then gives 
a spin temperature of T s = (905 ± 380) x / K, where the error 
is dominated by that on the Hi column density. Unfortunately, no 
VLBI observations of the background quasar are available in the 
literature; it is thus not possible to estimate the covering factor. 
We note that the quasar is unresolved by the GMRT synthesized 
beam (of angular size ~ 7".l x 5". 3) and is hence likely to be 
compact. This absorber has a low Fell/12600 rest equivalent width, 
w ,mm _ (Q 34 ± q q%)K. 



(vii) 2149+212, z abs ~ 1.1727: This is another known DL A, with 
an Hi column density of log N m = (RTN06). Equation^ 
then yields T s > (2700 x f) K. No VLBI information on the quasar 
is available in the literature and it is hence not possible to estimate 
its covering factor. 

(viii) 2337-011, z abs ~ 1.3606: This absorber has the high- 
est peak Hi 21cm optical depth of our sample, r pcak ~ 0.35. The 
Hi 21cm line is quite narrow, and is well fit by a single Gaussian 
of FWHM= (5.74 ± 0.54) km s -1 ; this implies an upper limit to 
the kinetic temperature of (720 ± 135) K. The background quasar 
has a highly inverted spectrum (spectral index a ~ +0.73), and 
is clearly core-dominated. The covering factor is thus likely to be 
close to unity, especially in view of the high peak optical depth; 
formally, / > 0.35. The Hi column density of the absorber is 
N m = (3.72 ± 0.24) x [T s /1000] (1//) x 10 21 cnr 2 , among the 
highest in our sample. 

(ix) 2355-106, z abs ~ 1.1727: The Hi 21cm a b sorpti on in 
this system was originally detected by IGupta et alj d20071) : our 
new GMRT spectru m has similar sens itivity and velocity reso- 
lution. As noted by IGupta et al.1 < |2007|) . a single Gaussian pro- 
vides a good fit to this profile; we obtain a peak optical depth 
of (0.043 ± 0.005) and FWH M= (5.03 ± 73) ta n s _1 , slightly 
deeper and narro wer than that o flGupta et all J2007I) . but consistent 
within the errors. IGupta etaljj2007l) argue for a high covering fac- 
tor, based on the compact ness of the source in a 5 GHz VLBA im- 
age jFomalontetalj2 000). Similarly, a 2.3 GHz VC S image recov- 
ers ~ 90% of the total 2.3 GHz quasar flux density (Beasl ev" et al.1 
2002), and the source has a highly inverted spectrum, indicating 
that it is core-dominated. The covering factor is thus likely to be 
~ 0.9 at the redshifted Hi 21cm line frequency, yielding an Hi col- 
umn density of N ffl = (5.18+0.19)x[T s /1000] (0.9//)xl0 20 cm- 2 . 

(x) 0237-233, z abs ~ 1.6724: The absorption feature was seen in 
data from two separate GBT observing sessions in November 2006, 
close to the expected redshifted Hi 21cm line frequency from the 
Mgll redshift. Although attempts were made to confirm the line in 
August 2008 with the GBT, the RFI environment at these frequen- 
cies was found to have significantly deteriorated and it was not pos- 
sible to obtain useful data; we hence list this as a tentative detection. 
ISrianandetaII ( l2007l) discuss high-frequenc y (2.3-8.4 GHz) VLBI 
studies of this source from the literature (e.g. Fomalon t et al.l2000l) 
and conclude that most of the flux density arises from two com- 
ponents, separated by ~ 10 mas. The lowest frequenc y at which a 
VLBI study has been carried out is 1.6 GHz, where iHodges et all 
dl984T) found no evidence for extended structure, obtaining a size 
of ~ 6x3 mas. The covering factor is thus likely to be high, 
/ ~ 1. The tentative detection of Hi 21cm absorption in this 
system yields the lowest Hi column density of all our detections, 
N m ~ (1.39 + 0.29) x [T s /1000] (1//) x 10 20 cnr 2 ; note that the 
absorber must have a high spin temperature, if it is indeed a DLA. 



6 EARLIER SEARCHES FOR Hi 21CM ABSORPTION IN 
Mgll-SELECTED SAMPLES 

The criterion of Mgll absorption has long been used as a crite- 
rion to select targets for searches for redshifted H i 21cm absorption 
(e.g.lRoberts et al.ll976l : lBrown & SpenceJl979l ; |peterson & Foitzl 
1980), although these early studies typically observed few targets 
with relatively low sensitivity. The first survey for Hi 21cm ab- 
sorption in a siz e able s ample of Mgll absorbers was carried out by 
iBriggs & Wolfel d 19831) . who used the Arecibo and NRAO 300-ft 
telescopes to target 15 Mgll absorbers with W^ 2196 > 0.5A and 
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Figure 2. The GMRT and GBT spectra for the 35 non-detections of Hi 21cm absorption, in order of increasing MgII/12796 absorption redshift. The expected 
Hi 21cm line frequency, based on the MgII/12796 redshift, is indicated by the dashed line in each panel. 
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Figure 2. (continued). 



0-4 i; Zabs 1-8. They obtained optical depth sensitivities of 
T3o- ~ 0.01 - 0.1 per ~ 10 km s" 1 , but with no new detections 
of Hi 21cm absorption. 



More recently, iLand ( feOOOh carried out a search for red- 
shifted Hi 21cm absorption in a large sample of Mgll absorbers 
(62 systems, with W$ 2196 > 0.3A and at 0.2 < z abs < 1), us- 
ing the Westerbork Synthesis Radio Telescope. While this sur- 
vey observed significantly more targets than earlier studies, the 
mean 3tr optical depth sensitivity of T 3tr ~ 0.048 was only 
sufficient to detect strong Hi 21c m absorbers, resu l ting in four 
new detections, all a t z abs < 0.44 jLane et alj[l998l ; lLanell2000l : 
lLane & Briggs 2001). Indee d, fou r system s that were not detected 
in Hi 21cm abs orption by | Land feOOOf) were late r detected by 
deeper searches ^Kanekar & Chengaluj|200ll 120031 : ICurran et all 



1 20071) . that achieved sensitivities of < 0.0 1 per ~ 10 km s -1 , 
The optical depth sensitivity of ILand j2000h was also typically 
lower for absorbers at z abs > 0.6 than for the low-z systems in their 
sample. 

iGupta et alj J2007h used the GMRT to search for Hi 21cm 
absorption in 10 strong Mgll absorbers, at 1.11 < z a bs < 1-45, 
obtaining three detections and seven upper limits to the Hi 21cm 
optical depth. Their three absorption detections were observed 
during this survey and are included in our sample. Only one of 
their non-detections had an optical depth sensitivity t 3o . < 0.01 
per ~ 10 km s -1 ; the remaining six had T 3cr ~ 0.02 - 0.04 per 
~ 10 km s , in all cases worse than the sensitivity of our statistical 
sample (r 3cr < 0.013 per 10 km s" 1 ). 

Finally. [Srianand et alj d2008l) report the detection of Hi 21cm 
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Attribute 



w xtm 

w A26m 
"o 

w m52 

w X2J96 /w AmO 



-ahs 



Median 



1.58A 
0.99A 
0.32A 

1.49 
-0.47 

1.04 



Hi 21cm detection rate, % 



"High" 



17 +16 
L '-9 

22 



29 



-ii 

+20 
-13 

18+17 

3 9 +2i 
Jy -14 

50 +23 
Ju -16 



"Low" 



ia+20 
28 -\l 



18 



-17 



-10 
n-i+20 
-13 
U +1S 



Telescope 


No. of systems 


Hi 21cm detection rate, % 


GMRT 
GBT/Arecibo 


12 
24 


58*| 2 



Table 3. A comparison between the detection rates of Hi 21cm absorption 
in different sub-samples. In the upper table, for each attribute (e.g. W^ 27 ' 6 , 
Wg 2600 , etc), the "High" and "Low" sub-samples consist of absorbers with 
attribute values higher and lower than the median, respectively. 



absorption in two Mgll absorbers at z abs ~ 1.3265 towards 
SDSSJ0850+5159 and z abs ~ 1.3095 towards SDSSJ0852+3435 
with the GMRT. These were targetted bas ed on the criterio n 
Wq 27% > 1 A, in a continuation of the survey of lGupta et alj J2007l> . 
Both absorbers have large metal line rest equivalent widths: the 
system at z ~ 1.3265 has Wf 1 



4.89A, W; 



vl2852 _ 



^2600 



2.08A and 
1.3095 has Wf 796 = 2.89A, 



2.27A, while that at z ~ 
V Q m52 = 1.1 1 and W* 2600 = 2.10A. 

We investigated the possibility of augmenting our statistical 
sample with Hi 21cm results from these earlier studies. For this 
purpose, we required any such absorbers to satisfy the following 
constraints: (1) M^ l27% > 0.5A, (2) 0.58 < z abs < 1.70, (3) for 
non-detections, t 3(T < 0.013 per ~ 10 km s -1 , and (4) the veloc- 
ity separation between the absorber and quasar re dshifts should be 
> 300 km s . One system from the sample of iBriggs & Wolfd 
Jl983l) . at z abs ~ 0.8596 towards 0454+039, fulfils all four con- 
ditions and was hence added to our sample. The detections of 
lGuptaetal.lte007h were all observed in this search and are included 
here. The only other system from their sample that satisfies the sen- 
sitivity constraint is th e z abs ~ 1.3647 absorber towards 0237-233 
dSrianand et al.ll2007l) , for which we present a hi gher- sensitivity 
GMRT spectrum here. Both Hi 21cm detections of ISrianand et al.l 
(2008) satisfy all our criteria and were added t o the sample. Fi- 
nally, no system from the sample of lLanej J2000) satisfies all three 
constraints; most are ruled out by the sensitivity criterion. 



detections of Hi 21cm absorption (including the tentative detection 
towards 0237-233) and 27 non-detections with < 0.013 per ~ 
10 km s~' . Seven of the detections and 26 of the no n-detections are 
from t he present survey, with two d etections from [ Srianand et al.l 
(2008) and one non-detection from lBriggs & Wolfd dl983l) . The 
median 3<x optical depth sensitivity for the non-detections is t 3o - ~ 
0.0062 per ~ 10 km s . The net detection rate of Hi 21cm absorp- 
tion is 25*" % at a mean absorption redshift of z ~ 1 . 1 El 

We examined the data for correlations between the detection 
rate of Hi 21cm absorption and the following set of absorber at- 
tributes: (1) 7% , (2) 60 °, (3) < 2852 , (4) Wf 796 /W* 2m and 
(5) Mgll absorption redshift. In order to test for possible system- 
atic effects, we also checked whether the Hi 21cm detection rate 
showed a dependence on the spectral index of the background 
quasar (which is indicative of the absorber covering factor) or the 
telescope used for the observations (interferometer versus single- 
dish). The small size of the full sample implies that, for any given 
attribute, it is only meaningful to divide the sample into two sub- 
samples at the median value of the quantity in question (except, of 
course, for the comparison between telescope types). This is the 
approach we will follow here. 

Results of these comparisons are summarized in Table [3] the 
columns of the upper part of the table contain (1) the attribute 
used for the division (e.g. the MgII/12796 rest equivalent width, the 
quasar spectral index a, etc), (2) the median value of this attribute, 

(3) the detection rate of Hi 21cm absorption for the "high" sample, 
with attribute values higher than the median (e.g. a > ow), an d 

(4) the detection rate for the "low" sample, with values lower than 
the median. For the lower half of the table, the columns are (1) the 
observing facility, divided into interferometers (GMRT) and single- 
dish telescopes (GBT and Arecibo), (2) the number of absorbers, 
and (3) the detection rates of Hi 21cm absorption. No statistically- 
significant difference (> 3cr) is found between the detection rates 
in the sub-samples for any criterion, largely due to the small size 
of each sub-sample. For example, all nine detections of Hi 21cm 
absorption were obtained at z abs > 1.04, but the difference in de- 
tection rates in the high-z and low-z sub-samples has only ~ 2.6cr 
significance. We conclude that the size of the present sample is too 
small to test the dependence of the detection rate on the properties 
of individual absorbers. 

Finally, Figs. [3] and [4] show the integrated Hi 21cm optical 
depth (EW21 = J TdV) plotted against Wjf 796 , W* 2600 , V^ 2852 , 
W al96 /Wg 26m , quasar spectral index a and Mgll absorption red- 
shift, for absorbers in the statistical sample. No statistically- 
significant correlation is found between EW21 and any of these 
quantities. However, it can be seen in Figs.[3jA-C] that a trend may 



be present between EW21 and each of Wi 



Wi 



and Wi 



for detections of Hi 21cm absorption. The possibility that a rela- 
tion between EW21 and Wg 2196 might be present only in the highest 
Hi column density absorbers (i.e. DLAs) is explored further in the 
next section. 



7 THE INCIDENCE OF Hi 21CM ABSORPTION IN 
STRONG Mgll ABSORBERS 

Including systems from the literature, our final statistical sam- 
ple consists of 36 strong Mgll absorbers at 0.58 < z abs < 1.68, 
with W {2196 > 0.57A; the median Mgll absorption redshift is 
Zabs ~ 1-04. 33 systems have W 12600 > 0.5 A, while three have either 
W mm < 0.5A (two absorbers) or no information on the Fell tran- 
sition (the z ~ 0.5810 absorber towards 0240-060). There are nine 



8 Hi 21CM ABSORPTION IN DLAs 

Very few DLAs with 0.8 < z abs < 1.7 are known towards radio- 
loud quasars, due to which there have been few Hi 21cm absorp- 
tion studies of systems in this redshift range. In fact, prior to this 

4 All error bars correspon d to lc Gau ssian confidence levels, using small- 
number Poisson statistics I Gehrels 19861) . 
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Figure 3. The four panels show the integrated Hi 21cm optical depth plotted against (from top left) [A] the MgII/12796 rest equivalent width, [B] the 
Fell/12600 rest equivalent width (35 systems), [C] the MgU2852 rest equivalent width (33 systems), and [D] W^ 2196 /W^ 2600 (35 systems). Detections of 
Hi 21cm absorption are shown as filled circles. The dashed vertical lines mark the median value of the quantity plotted as the abscissa in each panel. 



*21,MgIl(z) 

*21,DLA(z) 
*DLA,MgIl(z) 

«dla(z) 

«MgIl(z, Wo) 



Detection rate of Hi 21cm absorption in MgII/12796 
absorbers 

Detection rate of Hi 21cm absorption in DLAs 
Detection rate of DLAs in MgII/12796 absorbers 
Number of DLAs per unit redshift 
Number of MgII/12796 absorbers with W^ 2796 > Wo, 
per unit redshift 



Table 4. Notation used in this paper. 



work, only two "classical" DLAs (i.e. with Nhi > 2 x 10 20 cm -2 ) 
at these redshifts ha d been searched for Hi 2 1cm absorption, 
with no detections dKanekar & Chengalun 1 |2003h . The situation 
is quite different at both lower and higher redshifts. So far, six 
Hi 21cm absorbers have been detected in "non-associated" DLAs 
at Zabs ^ 1-7, with 12 l imits on the Hi 21cm optical depth (typ 



ically t?i ~ 0.01: e.g. [Wolfe & Davislll979l: IWolfe et al.lll98l[ 



1985 jKanekar & Chengaludl2003l ; lKanekar et alfeOOotlYork et ail 



20071 ; lKanekaretai]|2007h . The detection rate of Hi 21cm ab- 
sorption in high-z DLAs is thus j^ijjlaCz ~ ^.7) = 33^ 2 j%, 
where z is the mean redshift of the DLA sample (see Table [4] 
for the notation used in this paper). Conversely, Hi 21cm ab- 
sorption has been detected in eleven DLAs at z a b s < 0.9, with 
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Figure 4. The two panels of the figure show the integrated Hi 21cm optical depth plotted against [A] the low-frequency spectral index a of the background 
quasar, and [B] the absorber redshift, z a j, s . Detections of Hi 21cm absorption are shown as filled circles. The dashed vertical lines mark the median value of 
the quantity plotted as the abscissa in each panel. 
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Figure 5. The detection rate of Hi 21cm absorption in DLAs, plotted as a 
function of absorber redshift; the result from the present survey is shown as 
an open star. See the main text for discussion. 



Figure 6. The velocity spread of Hi 21cm absorption AV21 in strong Mgll 
absorbers (in open circles) and DLAs (filled circles), plotted as a function 
of absorber redshift; the dashed line is at AV->i = 60 km s . 



1976| ; lBrown & SpenceJl979l;lBrowri & Mitchel l 1983 



Lane et al 



only two non-detections (e.g.lBrown & Robertsll 19731: IWolfe et al 
179; 

19981: IChensalur & KanekaTl 19991 : iKanekar & Chengaluil l200ll ; 
Curran et alj|2007l) . The detection rate of Hi 21cm absorption in 
DLAs at z abs < 0.9 is thus x 2 i,dla(z ~ 0.4) = 85+^%. Re- 
cent low-frequency VLBI studies have shown that DLAs in the 
Zabs > 1 .7 and z - d bs < 0-9 samples have very similar cover ing factors, 
0.4 < / < 1 iKanekar et al]|2007l ; IKanekar et alj|2009l) . The Hi 



column density distributions of the high-z and low-z DLA samples 
(with Hi 21cm absorption studies) are also similar (Kane kar et al.l 
2009). The low detection rate of Hi 21cm absorption in the high-z 
DLA sample is hence likel y to be due to a higher fraction of warm 
Hi in these absorbers (e.g.lWolfe & Davisl 19791: ICarilli et aljl996t 
IKanekar & Chengalurll2003l) . 

Our survey provides a direct estimate of the detection rate of 
Hi 21cm absorption in strong Mgll absorbers at 0.58 < z a b s < 1.68. 
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Figure 7. The integrated Hi 21cm optical depth EW21 = J rAV plotted 
against the rest equivalent width in the MgII/12796 transition, W^ 2796 , for 
Hi 21cm absorbers and DLAs. Strong Mgll absorbers with Hi 21cm detec- 
tions are shown as open circles, while DLAs from the literature are shown 
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but has only ~ 2.2cr significance in a non-parametric Kendall-tau test. See 
the main text for discussion. 
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We compute the Hi 21cm detection rate in DLAs at these redshifts 
by taking the ratio of the detection rate in our sample to the detec- 
tion rate of DLAs in MgII/12796 absorbers selected with the same 
criteria (RTN06)E| 35 of the 36 absorbers of our sample also have 
detected Fell/J2600 absorption, with W 12600 > 0.34A; we will use 
this 35-system sub-sample for the comparison with the DLAs of 
RTN06, applying the same selection criteria to their absorbers (i.e. 
W^ 2796 > 0.57A, W^ 2600 > 0.34A and 0.58 < z abs < 1.68). There 
are 97 absorbers in the RTN06 sample that satisfy these selection 
criteria, of which 34 were found to be DLAs. 

The probability that a strong Mgll absorber is a DLA has been 
found to depend on the rest equivalent width of the Mgll line, be- 
ing higher for systems with higher values of W^ 2796 (RTN06). We 
hence first tested whether our sub-sample of 35 absorbers with 



> 0.57A and Wi 



> 0.34A has a similar distribution 



of Wq 2796 values as the corresponding sub-sample of RTN06. A 
Kolmogorov-Smirnov rank-1 test finds a Gaussian probability of 
~ 24.5% that the two samples are drawn from the same distribution 
of Wg 2796 values, consistent with the null hypothesis within ~ 1.2cr 
significance. We will hence assume that the probability of detecting 
a DLA is the same in the two sub-samples. 

Of the 35 systems of our sample with W^ 2796 > 0.5A and 
^M2600 > 0.34A, there are nine detections of Hi 21cm absorption, 
i.e. a detection rate of JC2t,Meii = 26^ 2 % at a mean absorption red- 
shift z = 1.1. 34 DLAs are present amongst the 97 absorbers in 
the RTN06 sample that satisfy our selection criteria; this yields a 
detection rate of XDLA.Mgii ~ 35*?% for DLAs in strong Mgll sys- 
tems, also at a mean redshift of z ~ 1.1. The implied detection 
rate of Hi 21cm absorption in DLAs in the redshift desert is then 
*21,dla(z = 1.1) = x 2 i.Mgii/xDLA,Mgii ~ ( 73 ± 27 ) % ' where we have 



used equation (26) o f Gehrels ( 1986) to determine the lcr Gaussian 
confidence level intervals for the ratio of two quantities governed 
by small-number Poisson statistics. 

Fig.[5]plots the detection rate of Hi 21cm absorption in DLAs 
as a function of redshift. While the errors are large due to the small 
size of each sub-sample (especially for the present Mgll sample), 
the detection rates increase with decreasing redshift, as would be 
expected if the cold gas fraction in galaxies is increasing with time. 
The detection rate measured in the present survey is consistent with 
that found in low-z DLAs, suggesting that significant fractions of 
cold Hi have already been formed in gas-rich galaxies by z ~ 1. 

The fraction of DLAs in the redshift desert that are undetected 
in Hi 21cm absorption is 1 - ->C21,dla(z = LI) = (27 ± 27)%; all of 
these non-detections must have [T s //] > 800 K, the 3cr sensitiv- 
ity limit of our survey. This implies that at least one-fourth of the 
DLAs in the redshift desert have high spin temperatures and/or low 
covering factors; this is a lower limit because some of the DLAs 
detected in Hi 21cm absorption are also likely to have high [T s //] 
ratios (see Section[5}- 

Fig.[6]shows the total velocity spread (FWBN) of Hi 21cm ab- 
sorption AV 2 i plotted against redshift, for the nine absorbers of this 
sample and the 17 DLAs with detected Hi 21cm lines. Only two 
systems (both at z abs < 0.7) have AV21 > L50 km S" 1 , while ~ 60% 
of the absorbers in each redshift range have AV21 < 60 km s -1 . 
Overall, the velocity spread of Hi 21cm absorption displays no sig- 
nificant evolution with redshift. 

Next, no statistically-significant correlation was found in the 
previous section between the integrated Hi 21cm optical depth 



This implicitly assumes that all systems with detected Hi 21cm absorp- 
tion are DLAs, i.e. have Nhi > 2 x 10 20 cm 4 . 
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for the strong Mgll ab- 
sorbers of the full statistical sample. However, Figs.[3]A-C] show 
that a trend may be present between EW21 and the above rest 
equivalent widths for Hi 21cm detections alone. We hence ex- 
plored the possibility of a relation between EWi\ and Wg 27% 
in high column density absorbers, considering all DLAs and 
Hi 21cm absorbers in the literature with observations of both 
the Hi 21cm and the MgII/12796 transitions. We again excluded 
"associated" absorbers from this analysis, as well as four DLAs 
with Hi 21cm studies where the radio and optical sightlines are 
known to be different (the z abs ~ 0.437 DLA towards 3C196, 
the z abs ~ 0.656 DLA towards 3C336, and the z ab s ~ 1.4 ab- 
sorbe r s towards QSO 0957 + 561 A andPKS 1 354+258 :lBriggs etail 
l200ll ; ICurran et alj |2007| ; iKanekar & Chengalun 1 |2003h . Fig. P7I 
plots EW21 versus Wg 2196 for the 24 systems of this sample. 
The non-parametric g e neralized Kendal l rank correlation statis- 
tic jBrown et alj|l974t llsobe et alj|l986t) . as implemented in the 
ASURV package (the BHK test), was used to test for a correla- 
tion between the two quantities, treating Wg 2196 as the independent 
variable. We find the putative correlation to have ~ 2.2cr statisti- 
cal significance, with a probability of chance occurrence of ~ 3%. 
Restricting the sample to detections of Hi 21cm absorption (21 sys- 
tems) increases the significance to ~ 2.5<r. This is, at most, weak 
evidence for a relation between the integrated Hi 21cm optical 
depth and th e rest equivalent wid th of the MgII/12796 transition. 

Finallv. lCurran et alj 120071) suggest that the velocity spread of 
Hi 21cm absorption and Wg 2796 are correlated, based on a sample 
of 13 redshifted Hi 21cm absorbers. Fig.[8]plots the total velocity 
spread (FWBN) of Hi 21cm absorption AV21 against Wg 2796 , for 
all absorbers (23 systems) with detections of both Hi 21cm and 
MgII/12796 absorption (again excluding "associated" systems, but 
including the Hi 21cm detections towards 3C196 and 3C336). No 
clear trend can be seen between AV 21 an d W t2796 ; the BHK test 
finds the possible correlation between these quantities to have only 
~ 1.7cr significance, with a probability of chance occurrence of 
~ 11%. Excluding the two absorbers towards 3C196 and 3C336 
does not noticeably affect the result; the correlation then has ~ 1.6cr 
significance. We thus find no statistically-significant evidence for a 
correlation between the velocity spread of Hi 21cm absorption and 
the rest MgII/12796 equivalent width. 



9 THE COSMOLOGICAL MASS DENSITY OF 
NEUTRAL GAS 

The cosmological mass density of neutral gas in DLAs, £2gas(z), 
is related to their line density «dla(z) (i.e. the number of DLAs 
per unit redshift, also sometimes referred to as the redshift number 
density) by the following expression (e.g. RTN06): 



^gas(z) : 



«dla(z)/V h 



m 

(1+z) 2 



(2) 



where p c = 3H 2 ,/8nG is the critical mass density of the Universe, 
/j = 1.3 is the correction factor for the 25% contribution of Hell to 
the neutral gas mass, A\n is the average Hi column density of the 
DLAs, mn is the mass of the hydrogen atom and E(z) is given by 

e(z) = [n m (i + zf + (1 - n,„ - Q A )(i + zf + n A ]' /2 . (3) 

The present survey has measured the detection rate of Hi 21cm 
absorption in a sample of strong Mgll absorbers, finding x 2 i,Mgii = 
25^g'%, at the mean absorption redshift z = 1.1. The fraction of 
DLAs in the Mgll absorber sample is then 
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Figure 9. The cosmological mass density of neutral gas Hqas plotted as 
a function of redshift, from the followin g techniques: (1) the HIPASS 
Hi 21cm emission survey (grey triangle; IZwaan et alj|2005l) . (2) a GMRT 
measurement at z ~ 0.24, obtained by co-addin g Hi 21cm emission spec- 
tra of field galaxies (filled black triangle; lLah et alj 120071) , (3) a survey 
for DLAs in strong Mgll absorbers (open circles; RTN06), (4) this work 
(open star), and (5) traditio nal "blind" DLA surveys, primarily based on the 
SDSS-DR5 (filled squares; |Pro~chaska & Wolfel2008l) . See the main text for 
discussion. 



■*DLA,Mgll(z) 



*2i,Mgn(z) 



(4) 



*21,DLa(z) 

where *21,dla(z) is the detection rate of Hi 21cm absorption in 
DLAs. In turn, the line density of DLAs is related to the above 
DLA fraction by the expression 



MDLA(Z) = *DLA,MgIl(z) X n Mg Il(z, W ) 



(5) 



where «M g u(z, Wo) gives the number of Mgll absorbers per unit red- 
shift with Wg 2796 > VV ; this h as been determined using large sam- 
ples of strong Mgll absorbers jNestor et alj|2005h . In other words, 
an estimate of the detection rate of Hi 21cm absorption in DLAs 
in the redshift des ert would all ow us to infer CIqas from our survey 
statistics [see also lLanej l l2000h for an estimate of the cosmological 
mass density of neutral hydrogen in Hi 21cm absorbers, based on 
an Hi 21cm absorption survey of Mgll absorbers]. 

Unfortunately, we do not have an independent estimate of 
*21,dla(z) in the redshift desert, due to the paucity of earlier 
Hi 21cm absorption studies here. Note that we cannot use the value 
of Jc 2 i,dla(z) derived in Section[8]as this already includes the detec- 
tion rate of Hi 21cm absorption in strong Mgll absorbers. However, 
deep sear ches for Hi 21cm absorption (at comparable sensitivity to 
ours; e.g. IKanekar & Chengalunl2003h have so far been carried out 
in 33 "non-associated" DLAs (at 0.09 < z a bs < 3.4), with 17 detec- 
tions, yielding a net Hi 21cm detection rate in DLAs of jc 2 i,dla(z = 
1.7) = 52!}f%. Assuming that x 21 , DLA (z = 1.1) * x 21 , DLA (z = 1.7), 
we obtain 



XDLAAjgn(z= 1.1) = 0.49! 



(6) 



Next, following RTN 06 [see their equ ations (1-3)], we will 
use the parameterization of Nesto r et"al] d2005h to write 
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»M g n(z) = (1/36) x 2>,[d«/<fe]i(z) (7) 
where, for the ;th absorber 

[dn/dzl = N*(l + Z f e -w^-~r\ (8) 

Here, N* = (1.001 ± 0.132), W* = (0.443 ± 0.032)A, a = (0.226 ± 
0.170), andfl = (0 .634 ± 0.097) are constants (see the appendix of 
iNestor et al.ll2005t) and Wi is the weight given to the zth absorber, 
ba sed on the fractiona l abundance of its class in the Mgll sample 
of INestor et alj J2005t) . All absorbers of our sample have W^ 2796 > 
0.6A, within the errors^] 31 absorbers of our sample were selected 
with the additional criterion W^ 2600 > 0.5A; for these systems, w, = 
0.54, as 54% of absorbers in the Mgll sample o flNestor et al.1 j2005t) 
with W* 2196 > 0.6A also have Wf 600 > 0.5A (RTN06). We also 
assume here that the fraction of strong Mgll absorbers that are also 
strong Fell absorbers does not depend on redshift. Conversely, w, = 
1 for the remaining five systems, which were selected on the basis 
of their Mgll rest equivalent width. Equation [7] then yields, for z = 
1.1 and W = 0.6 A, 

n Mg n(z = 1.1) = (0.2833 ± 0.0065) . (9) 

Replacing for n Mg u(z = 1.1) and XDLA,M g n(z = 1-1) in equa- 
tion [2] gives a DLA line redshift density of n DLA (z = 1.1) = 
0.1 37!^0 The only remaining unknown in equation [2] is Nm, 
the average Hi column density in the nine Hi 21cm detections of 
the sample. Prior to this work, all redshifted Hi 21cm absorbers 
with observations of the Lyman-a transition have been found to 
be DLAs; it is thus likely that the Hi 21cm absorbers detected in 
this survey are also DLAs. If so, it is plausible that their average 
Hi column density is the same as that obtained by RTN06 for the 
DLAs detected in their Mgll survey. With this assumption, Nm = 
(1.07 ± 0.23) x 10 21 cirr 2 , where we have used the result of RTN06 
from the redshift range 0.9 < z < 1.65, where all of our Hi 21cm 
absorbers lie. We then obtain fl G As(z = 1.1) = (0.55!°g) x 10~ 3 . 

Fig. [9] shows a comparison between estimates of the cosmo- 
logical mass density of neutral gas Q. GAS (z), from the following 
techniques (in order of increasing redshift): ( 1) the HIPASS sur - 
vey for local Hi 21cm emission (grey triangle; [Zwaan et"al]|2005l) . 
(2) a GMRT survey for Hi 21cm emission at z ~ 0.24, obtained 
by co-adding s pectra of 121 field galaxies (filled black triangle; 
lLah et alj|2007l) . (3) a survey for DLAs in strong Mgll absorbers 
(open circles; RTN06), (4) a survey for Hi 21cm absorbers in strong 
Mgll absorbers (open star; this work), and (5) traditional "blind" 
DLA surveys, primar ily based on the SDSS-DR3 (filled squares; 
IProchaska et al.l2005h . The two measurements with the smallest er- 
rors, the HIPASS result at z ~ fewaan et alj2005l) and the lowest- 
redshift SDSS-DR3 measurement at z ~ 2.36 iProchaska et al.1 
2005), are in excellent agreement, suggesting a scenario wherein 
the conversion of gas to stars at z < 2.3 is balanced by other pro- 
cesses that replenish the neutral gas reservoir in galaxies. Curiously 
enough, however, earlier estimates of Qqas at 0.2 < z < 2 (from 
multiple techniques, the GMRT observations, the RTN06 survey 
and a single non-SDSS DLA measurement) are all higher than the 

6 Note that one of our absorbers has W^ 12796 = 0.57A, although consistent 
with 0.6A within the errors. We estimate that using a threshold width of 
Wg 2796 = 0.57A in equation [8] would change our results by < 5%, much 
below our actual errors. We hence choose to retain a threshold width of 
w *2796 _ o f or w hich the fraction of systems with W* 2600 > 0.5A is 
quoted by RTN06. 

7 For all cases of error propagation with asymmetric errors, we used 10 5 
Monte-Carlo runs to derive the lcr confidence intervals on the final quantity. 



estimates at z ~ and z ~ 2.3, although individually consistent 
with these measurements due to their far larger errors. While the 
estimate from the present survey, fl GAS (z = 1.1) = (O.SS^jJx 10~ 3 
is in good agreement with the two high-sensitivity results, the error 
bars on our result are also la rge and we cannot rule out the values 
obtained bv lRao et all d2006h . 

We emphasize that the present result for Qqas assumes that the 
average Hi column density of our Hi 21cm absorbers is the same 
as that in the DLA sample of RTN06. Direct measurements of the 
Hi column density of these absorbers through spectroscopy in the 
Lyman-or line would allow a measurement of Nm for the sample, 
obviating the need for this assumption. Equally important, we have 
assumed x 2 i,dla(z = LI) w x 2 ij)la(z = ^-T)- As seen m Section[8] 
the detection rate of Hi 21cm absorption in DLAs appears to in- 
crease with decreasing redshift, implying that Jf 2 i,DLA(z = LI) is 
likely to be higher than jc 2 i,dla(z = L7). In fact, the estimated av- 
erage value x 2 i,dla(z = 1-7) = (52^)*)% from the DLA sample is 
lower than the value x 21> dla(z = 1.1) = (73 ± 27)% obtained in 
Section [8] In other words, this assumption could result in an up- 
ward bias in our estimate of Dgas- 

Unlike direct surv eys for DLAs in Mgll absorber samples (e.g. 
iRao & Turnshekt2 000; RTN06), observing time on space-based fa- 
cilities is only needed for the last stage of the present survey, the 
measurements of the Hi column density for detections of Hi 21cm 
absorption. Deep Hi 21cm absorption surveys of large samples of 
Mgll-selected absorbers towards radio-loud quasars thus provide 
an interesting avenue to find new samples of DLAs, and determine 
Agas, at z < 1.7, with relatively little expenditure of observing time 
on space telescopes. 



10 SUMMARY 

We report results from a search for Hi 21cm absorption in 55 strong 
Mgll absorbers at 0.58 < z a bs ^ 1-70 towards radio-loud quasars, 
with Wq 12796 > 0.5A. The survey yielded nine detections of Hi 21cm 
absorption (one of which is still tentative), all at 1.17 < z a b s < 1.68, 
and 27 strong constraints on the Hi 21cm optical depth (t 3o . < 
0.013, per ~ 10 km s~'). Six other systems had weaker constraints 
on the Hi 21cm optical depth (t^ ~ 0.02 - 0.06, per ~ 10 km s~'), 
while data on 13 targets were affected by RFI and were hence not 
useful. 

Hi column density estimates are available in the literature 
for a few of the Mgll absorbers of our sample, two of which, at 
z ~ 0.9115 towards 2149+212 and z ~ 1.4106 towards 2003-025, 
are known damped Lyman-o- systems. Our detection of Hi 21cm 
absorption towards 2003-025 yields an absorber spin tempera- 
ture of T s = (905 ± 380) x / K, while the non-detection towards 
2149+212 gives the 3cr limit T s > 2700 x / K. 

Including three systems from the literature and excluding all 
"associated" absorbers, our statistical sample of strong Mgll ab- 
sorbers consists of 36 systems at 0.58 < z a bs < 1-68, with Wg 2796 > 
0.57A, and with either detections of Hi 21cm absorption or, for 
non-detections, t 2 i < 0.013 per ~ 10 km s" 1 . This implies a detec- 
tion rate of x 21iMgII (z = 1.1) = 25^'% for Hi 21cm absorption in 
strong Mgll absorbers. Comparing the detection rates of Hi 21cm 
absorption and DLAs in similarly-selected samples of strong Mgll 
absorbers, we estimate that the detection rate of Hi 21cm absorp- 
tion in DLAs in the redshift desert is x 2 i (z = 1.1) ~ (73±27)%. This 
lies between the estimates of detection rates at lower and higher 
redshifts, x 21 (z ~ 0.4) ~ 85^ % and x 2l (z ~ 2.7) ~ 33 + _f 3 %, al- 
though all three estimates have large errors. If the relatively-high 
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detection rate of Hi 21cm absorption in DLAs in the redshift desert 
is confirmed in larger samples, it would imply that significant frac- 
tions of cold Hi are present in normal galaxies by z ~ 1. The 
~ (27 ± 27)% of DLAs that are not detected in Hi 21cm absorp- 
tion must have [T s //] > 800 K, implying that at least one-fourth of 
the DLAs in the redshift desert have high spin temperatures and/or 
low covering factors. 

Contrary to earlier results based on smaller samples, we find 
no statistically-significant evidence for a correlation between the 
total velocity spread of Hi 21cm absorption and the rest MgII/12796 
equivalent width in DLAs and strong Mgll absorbers. We find a 
weak (2.2<x) correlation between the integrated Hi 21cm optical 
depth and W^ 2796 , for a sample consisting of DLAs and Hi 21cm 
detections alone. 

We have used the net Hi 21cm detection rate in strong Mgll 
absorbers to estimate the cosmological mass density in neutral gas 
in DLAs, obtaining n GA s(z = 1-1) = (0.55!^ 2 ) x 10~ 3 . This as- 
sumes that (1) the average Hi column density of the Hi 21cm ab- 
sorbers is the same as that in the DLA sample of RTN06, and (2) the 
detection rate of Hi 21cm absorption in DLAs at z ~ 1.1 is the 
same as that at z ~ 1.7. While this estimate has large errors, it is in 
good agreement with estimates of £1 G as in both the local universe 
and at z ~ 2.2, and somewhat lower than earlier estimates in the 
redshift desert from Mgll absorber samples. Future deep searches 
for Hi 21cm absorption in large samples of strong Mgll absorbers 
should allow more accurate estimates of Qqas in the redshift desert, 
without significant requirements of observing time on space tele- 
scopes. 

For the nine detections of Hi 21cm absorption, spectroscopy 
in the Lyman-o- line to measure their Hi column densities, and 
low-frequency VLBI continuum observations of the background 
QSOs to determine the absorber covering factors, will allow esti- 
mates of the absorber spin temperatures. For systems with narrow 
Hi 21cm profiles (e.g. 2337-011, 2355-106 and 0105-008), high- 
resolution optical spectroscopy in the low-ionization metal lines 
will allow a probe of evolution in the fundamental constants. These 
observations are now in progress. 
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